Construction and tests of the ATLAS barrel liquid argon presampler by Hostachy, J Y et al.
CONSTRUCTION AND TESTS OF THE ATLAS BARREL
LIQUID ARGON PRESAMPLER
J.Y. HOSTACHY, B. BELHORMA AND A. FERRARI ON BEHALF OF THE
ATLAS COLLABORATION
Institut des Sciences Nucleaires, CNRS-IN2P3 and Universite Joseph Fourier,
53, Av. des Martyrs 38026, Grenoble, France
E-mail: hostachy@isn.in2p3.fr
The electromagnetic calorimeter of the ATLAS experiment for LHC will be a sam-
pling liquid argon accordion calorimeter. To achieve suÆcient energy resolution,
it is necessary to correct for the energy loss upstream of the calorimeter. For this
purpose a separate presampler detector xed in front of the e.m. calorimeter in
the same cryostat is being built by the ATLAS collaboration. The various steps
of its construction will be reviewed. In addition, the performance of the detector
measured both at CERN (in a test beam) and at the ISN-Grenoble (specic test
bench) will be presented.
1 Introduction
The barrel liquid argon presampler is a detector which is placed in front of
the ATLAS accordion calorimeter in the same cryostat. Its role is to preserve
the energy resolution by recovering the energy lost in the material located up-
stream of the electromagnetic calorimeter, i.e., the inner detector, the cryostat
walls and the superconducting coil. The amount of upstream dead material
is 1.8 X
0
at  = 0 and 3.8 X
0
at the edges of the barrel (jj ' 1:5)
1
. Use of
the presampler leads to an improvement of the sampling term as a function
of the  position as shown in gure 1. One can notice that at  = 1:3 the
simulation result shows an improvement of about 50 %.
The presampler is being built by the Institut des Sciences Nucleaires of
Grenoble (France), the Kungl Tekniska Hogskolan of Stockholm (Sweden) and
Universities and Physics Laboratories of Casablanca and Rabat (Morocco).
2 Detector geometry
The global structure of the presampler is polygonal, with 32 azimuthal sec-
tors for each of the two half-barrels, (see gure 2
2
). Rails are screwed on the
internal calorimeter rings and sectors can slide and be xed on them. Each
azimuthal sector is composed of 8 dierent types of modules. The modules
are 280 mm wide and the depth of the active liquid argon is 11 mm. They are
made with multi-layered electrodes. Cathodes and anodes are separated by
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Figure 1. Sampling term as a function of the
 position with and without the presampler
contribution (simulation).
CALORIMETER BARS INTERNAL RINGS
PRESAMPLER SECTOR PRESAMPLER RAIL
Figure 2. Transverse cut of the ATLAS pre-
sampler.
about 2 mm liquid argon gaps, polarized with an electric eld of 1 kV/mm.
Only the electrodes of module types 1 and 2, the closest to the barrel cen-
ter, are slanted in order to keep a triangular shape to the signal response
3
.
Thanks to their epoxy layers, the electrodes can be glued on FR4 supports by
means of prepreg adhesive (epoxy-glass-ber pre-impregnated tissue). This
technique is simple and allows a very good precision on the electrode posi-
tion without having to use expensive spacers. Eight dierent types of mother
boards (MBs), which are 5 layer circuits, are placed on the modules and al-
low to collect the signal from the detection cells
4
. They are also equipped
with a calibration system composed of very accurate surface mounted resis-




. In order to protect the modules, an external
envelope (0.4 mm thin glass-epoxy shell) houses each presampler sector.
The whole detector looks likes a 6.2 m long, 23 mm thick cylinder with a
diameter of about 2.9 m.
3 Granularity
The granularity of the presampler modules is  ' 0:2 0:2 except for
the last one (type 8) which is shorter because of the total length available in
the ATLAS cryostat. One can notice that the length of the modules depends
on their position and therefore on their type. The granularity of the detection
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cells is constant   ' 0:025 0:1, and therefore, there are 16 cells per
module, except for modules of type 8 where there are only 10.
4 Mounting procedure
The production of the electrodes is under the responsability of the Stockholm
KTH. They are presently being produced in Italy. The anodes are then sent
to Morocco, where: 1- their thicknesses are checked, 2- four protective 1 M

resistors are soldered on each of them, 3- connections and HV behaviour tests
are performed by means of a specic test bench. At the same time, MBs are
built and cabled in France. In addition, envelopes, rails and sliding bars are
also produced in this country. After reception of all the electrodes in France,
modules are produced. Then the rst half are controlled and assembled in
Grenoble, and the second half in Stockholm. Special containers will be pro-
vided by the KTH to store the presampler sectors before integration in the
ATLAS detector.
Two entire sectors, completely equipped, have already been produced
following this mounting procedure. They have been tested both in Grenoble
and at CERN.
5 Grenoble test bench
In order to check a whole presampler sector, a test bench has been built in
Grenoble
6
. It is placed in a clean room and it is composed of a Faraday
cage (4m2m2.5m) with a double grid. This Faraday cage contains a liquid
nitrogen cryostat, long enough to receive a presampler sector. The electronics
is close to what will be used in the ATLAS detector. In order to measure the
noise coming from each detection cell, the acquisition system is placed outside
the Faraday cage and connected to the electronics (inside the cage) via optical
links. Figure 3 shows the measured and the calculated responses to triangular
pulses injected into the calibration system of one MB and after a CR  RC
2
lter with a shaping time of 15 ns. Figures 5 and 6 give the maximum response
amplitude to triangular test pluses and the ENI (equivalent noise current) for
a sector at 77 K and for a shaping time of 25 ns, respectively. Because there
are only 10 detection cells in the last module (channels # 113 to 122) instead
of 16, the amplitude corresponding to this module is larger than the others.
One can notice that the ENI increases as a function of the channel number.
This is due to the fact that the cell detection capacitance is also larger, except
for the last two shorter cells which have lower capacitance. Finally, gure 4
gives the ENI as a function of the peaking time. A good agreement between
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Figure 3. Average response to triangular
pulses for the module of type 5 immersed
in liquid nitrogen. A theoretical t is surim-
posed.
Figure 4. Total noise per channel for the
module of type 2 as a function of the peak-
ing time. Measurements are compared with
a predictive curve (solid line).
Figure 5. Maximum response amplitude at
77 K when triangular test pulses are injected
into the calibration circuits.
Figure 6. ENI at 77 K as a function of the
channel number.
measurements and predictions is observed.
6 Test at CERN
In November 97, a presampler module in its nal version was placed in front
of a part of the 2 m accordion e.m. calorimeter prototype
7
in a liquid argon
cryostat at CERN. This system was then tested with a 100 GeV electron
beam. The energy resolution with and without the presampler is given in
table 1 as a function of the material located in front of the system
8
. For an
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Figure 7. Measured and tted response of
one channel of module 2 when exponential
test pulses are injected.
Figure 8. Total, incoherent and coherent




average value of 2.7 X
0
for the upstream material, the improvement is of the
order of 40%, thus underlying the crucial role of the presampler.
A short technical test was also performed in November 98. Two pre-
sampler sectors, fully equipped, were placed in front of the accordion e.m.
calorimeter. Figure 7 shows the average response to exponential test pulses
for a shaping time of 15 ns. The average total, coherent and incoherent noises
per detection cell as a function of the module type and for the same shaping
time were measured. The results were very close to what was expected, (see
gure 8). For the sake of comparison, 1 MIP corresponds here to 34 nA when
going through 1 cm of liquid argon.
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7 Conclusion
Two presampler sectors have already been built in their nal version. HV
behaviour and electronic tests were performed both in Grenoble and at CERN,
showing that the presampler is working well. In addition the presampler-
calorimeter tests have shown that the presampler will adequately full its
role. Production of this detector on a large scale has already started. A new
test with 2 sectors and a calorimeter module should take place at CERN in
August 1999.
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